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EP 0 700 769 B1 

Description 

[0001 ] The present invention relates to a process for modifying a polyethylene in an extruder with a view to improving 
the properties of the polyethylene, especially when it is being converted Into film. 

5 [0002] Some polyethylenes can be converted into film according to the blown extrusion or blown film technique as 
described, for example, by J. P. Trotignon, J. Verdu. M. Piperaud and A. Dobraczynski in the "Precis de Mati^res Plas- 
tiques - Structures -propriet6s, mise en oeuvre et normalisation" ["Summary of Plastics - Structures - properties, 
processing and standardization"] 5th edition (1 993) published by Afnor and Nathan (Paris-La-D6fense - France) pages 
122 to 125. The technique of film production by blown extrusion consists in extruding, with the aid of an annular die, 

10 a thin sleeve which, temporarily nipped, is inflated by means of an air overpressure and drawn with the aid of haul-off 
rolls or nip rolls until it reaches the required thickness, for example from 10 to 250 fim. The bubble thus formed is 
cooled by a circulation of air which stops the drawing of the film. This phenomenon is caused by the solidification of 
the cooled material which then withstands the stresses due to the inflation. The film in bubble form is then flattened by 
a device consisting of two panels which converge towards the nip rolls. 

15 [0003] After reeling, the product obtained will be capable of being employed in the form of sleeve or film if the sleeve 
is slit on a generatrix. Blown extrusion now enables the greatest film widths to be obtained. Annular dies which are up 
to 1 .8 m in diameter are actually successfully employed at the present time, and this makes it possible to manufacture 
sleeves from 5 to 6 m in diameter which, when slit, yield films capable of reaching 20 m in width. Furthermore, It is 
desired to obtain a maximum flow rate of film which has optimum properties which are often subtly dependent on the 

20 entire history with regard to stress, deformation rate and temperature to which the elements of material are subjected 
when following their path especially in the region of biaxial drawing of the bubble. 

[0004] It has been noted that some linear high- or low-density polyethylenes do not have a macromolecular structure 
which is sufficiently adapted to enable them to be converted into film directly by blown extrusion, and they can especially 
result in bubble instability problems. In this case, to correct the fault, it is necessary to modify the extruder setting and, 

25 quite often, to reduce the extruder throughput. It is known, furthermore, that films manufactured under bubble instability 
conditions have a nonuniform thickness and consequently mediocre mechanical and optical properties. 
[0005] European Patent Application n° 0 121 740 discloses a process for improving surface appearance of a poly- 
ethylene transformed by blow molding into molded product (e.g. bottles). Although the process comprises pelletizing 
polyethylene in the presence of air or oxygen in an extruder, the European Patent Application is not concerned with a 

30 process for converting a polyethylene into film by blown extrusion. Furthermore, it gives no information relating to a 
specific mechanical energy of the extruder and to the values of the loss tangent of the polyethylene before and after 
the process, characterizing a particular viscoelastic property of the polyethylene in the molten state. 
[0006] A process for thermomechanical treatment of a polyethylene melt in an extruder has now been found, com- 
bining a preliminary bringing the polymer into contact with oxygen before it melts and a thermomechanical treatment 

35 of the melting polymer In the extruder supplying a relatively high specific mechanical energy so as to modify to a desired 
degree a characteristic parameter of the viscoelastic state of the polymer. The process thus makes it possible to adjust 
certain viscoelastic properties of the polymer, especially by a partial and specific crosslinking by virtue of oxygen or 
air under particular mechanical stress conditions, by creating some long branching and/or some transverse bonds 
between macromolecular chains in the macromolecular network. The process thus makes it possible to form a polymer 

40 with improved viscoelastic properties which are compatible with good conditions of conversion into film by blown ex- 
trusion, especially with a considerably Increased bubble stability. 

[0007] More particularly the present Invention relates to a process for improving the bubble stability of a linear pol- 
yethylene converted into film by blown extrusion, the polyethylene having a density of 0.900 to 0.970. preferably from 
0.932 to 0.965 g/cm^, a molecular mass distribution such that the ratio of the weight-average molecular mass, Mw, to 

45 that based on the number-average, Mn. is from 8 to 40, preferably from 9 to 30, and a value of the loss tangent measured 
by dynamic rheometry at 1 90^*0 at a frequency of 1 .5 1 0-2 radians per second, ranging from 1 .5 to 3, preferably from 
1 .6 to 2.5, the process being characterized in that, before its complete melting In an extruder, the polyethylene is 
brought into contact with oxygen or a gas mixture containing oxygen, and the polyethylene thus brought into contact 
is treated thermomechanically in the molten state in the extruder supplying a specific mechanical energy of 0.15 to 

50 0.5, preferably from 0.17 to 0.35 kWh per kilogram of polyethylene, the preliminary bringing Into contact and the ther- 
momechanical treatment being combined so that the treatment is conducted to its completion when the value of the 
loss tangent of the polyethylene has lost from 1 5 to 70 % . preferably from 20 to 65 % of its initial value before treatment 
and bringing into contact. 

[0008] The process is suitable for a linear polyethylene which has a density of 0.900 to 0.970, preferably from 0.932 
55 to 0.965, in particular from 0.938 to 0.960 Q/cfxfi, The polyethylene may be a homopolyethylene as well as a copolymer 
of ethylene with at least one alpha-olefin, especially C3-C8, for example propylene, 1-butene, 1-hexene, 4-methyl- 
1-pentene or 1-octene. The polyethylene may be prepared by a polymerization process in suspension or preferably in 
gas phase. It may be prepared in the presence of a catalyst containing a transition metal, in particular a catalyst of 
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Ziegler-Natta type, especially based on a titanium, vanadium, chromium or zirconium compound, preferably a halogen 
compound of these metals, or based on a metallocene compound, especially of the transition metals such as those 
referred to above, for example a zirconocene, or preferably a catalyst based on chromium oxide thermally activated 
and optionally modified with titanium, aluminium or fluorine. It is preferred to employ in particular a polyethylene pre- 

5 pared In a gas phase polymerization process, especially in a fluidlzed bed, with the aid of a catalyst based on chromium 
oxide activated by a heat treatment and optionally modified with aluminium, titanium or fluorine. 
[0009] The process is suitable for a linear polyethylene which has a broad or even very broad molecular mass dis- 
tribution such that the ratio Mw : Mn is from 8 to 40, preferably from 9 to 30, for example from 1 0 to 25. The molecular 
mass distribution may be of bimodal type. In this case the polyethylene may be manufactured by a polymerization 

10 process Including at least two successive stages. A linear polyethylene which has such a broad or very broad molecular 
mass distribution can also be characterized by a high or even very high ratio of melt indices measured at 190PC under 
different loads. Thus, for example, a ratio of melt indices measured under 21 .6 kg and 2.16 kg (Mlg^ g • Mla.ie) 
have a value ranging from 115 to 700, preferably from 120 to 400, in particular from 125 to 300, the melt indices Mlg^ g 
and MI2.16 being measured according to the ASTM standards D-1 238, conditions F and E respectively. It is also possible 

15 to calculate a ratio of melt indices measured at 1 90°C under 21 .6 kg and 8.5 kg (Mlg^ q : Mlg 5), which may take a value 
ranging from 6.5 to 20. preferably from 7 to 1 7, in particular from 7.5 to 1 5. 

[0010] The polyethylene may have a melt index (MI21.6) measured according to ASTM standard D-1 238, condition 
F, ranging from 1 to 30, preferably from 5 to 25, in particular from 7 to 20 g/10 minutes. 

[0011] Good results have been obtained especially when the polyethylene contains a relatively high number of car- 
20 bon/carbon double bonds, in particular from 0.05 to 0.2, preferably from 0.06 to 0.1 5 unsaturatlons of vinyl, vinylidene 

and vinylene type per 100 carbon atoms. 

[0012] The process is suitable for a linear polyethylene which has a particular viscoelastic property in the molten 
state, defined especially by the loss tangent i.e. the tangent of the angle of mechanical loss (tg 8), also called tangent 
of phase-shift 5 between the stress and the strain. The definition and the method of measurement of the loss tangent 
25 (tg 5) are given In: 

"Viscoelasticite des polym^res k I'^tat fondu - Rheom§trle en regime dynamique" ["Viscoelasticity of polymers in 
the molten state - Rheometry in a dynamic regime") by J.F. May, published by "Les Techniques de I'lng^nieur" 
[•The Engineer's Techniques"] (5-1985), "Materiaux non-metalliques" ("Nonmetallic materials"] series, volume 
30 AM3, A361 7, pages 2 to 1 0; 

"Rheometrics - Comprendre les essais rh^ologiques - Thermoplastiques" ["Rheometrics - Understanding the The- 
ological tests - Thermoplastics"] by Rheometrics, published by Omniplan (Saclay France), pages 10 to 12. 

[001 3] When measured by dynamic rheometry at 1 90*^0 at a frequency of 1 .5 1 0*2 radians per second, the value of 
35 the loss tangent (tg 5) of the polyethylenes which are suitable in the process of the present invention ranges from 1 .5 
to 3, preferably from 1 .6 to 2.5. It has been found, in fact, that linear polyethylenes which exhibit the bubble instability 
defect during conversion by blown extrusion and which are capable of having their defect corrected by the process of 
the invention, have an initial value, before treatment, of the loss tangent (tg 8) which lies in the range described above. 
[0014] The process consists in treating the polyethylene thermomechanically in an extruder under certain specific 
40 conditions. The extruder generally comprises one, two or a number of screws and different zones as described on 
pages 108 to 116 of the "Precis de Mati6res Plastiques - Structures - propriet^s, mise en oeuvre et normalisation" 
referred to above. In particular, these zones may be, in the direction of the polymer flow in the extruder: 

(a) a feed hopper communicating with a feed zone in which the polymer is entirely solid, especially in the form of 
45 granules or powder, and is conveyed In the solid, more or less compacted, state, by the screw(s), this zone being 

also known under the name of solid transport zone, 

(b) a plasticization- or melting zone In which the solid polymer and the molten polymer coexist, and which coincides 
with at least one compression zone and optionally at least one decompression zone, and 

(c) a pumping or melt-conveying zone in which the polymer is completely melted and is conveyed in the molten 
50 state, optionally in the presence of blending and shearing means, towards an extrusion head consisting essentially 

of a die which gives the polymer the desired section form. 

[0015] The process includes bringing the polyethylene before its complete melting in an extruder, especially as de- 
scribed above, into contact with oxygen or a gas mixture containing oxygen. The gas mixture may contain from 1 to 
55 50 %, preferably from 2 to 21 %, in particular from 3 to 14 % and more especially from 3 to 9 % by volume of oxygen 
e.g. when measured in the gas atmosphere of a feed hopper of the extruder. It is possible especially to employ oxygen 
in the form of a gas mixture with an essentially inert gas, in particular nitrogen, for example air or an air enriched or 
preferably depleted in oxygen, especially containing less than 21 % and more than 2 % by volume of oxygen, preferably 
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from 3 to 9 % by volume of oxygen, preferably measured in the gas atmosphere of a feed hopper of the extruder 
[0016] The oxygen or the gas mixture containing oxygen Is brought into contact with the polyethylene before its 
complete melting in the extruder The bringing into contact may thus be produced in any part of the extruder, with the 
exception of the pumping or melt-conveying zone. In particular, it may be brought about in the plasticization or melting 

5 zone of the extruder or else in the feed or solid transport zone of the extruder, or, again, in the feed hopper of the 
extruder It is preferred to produce the contact in the feed hopper of the extruder because it is thus possible to obtain 
a more intimate and homogeneous mixing of the oxygen with the polyethylene before the latter Is completely melted. 
In this case the gas atmosphere of the feed hopper consists of oxygen or of the gas mixture containing oxygen, de- 
scribed above. This can be produced by introducing the polyethylene and the oxygen or the gas mixture containing 

10 oxygen together or separately into the feed hopper. It is also possible to Introduce the polyethylene into the feed hopper 
under a particular gas atmosphere, for example air, and to adjust the desired percentage of oxygen in the hopper by 
introducing into it either an Inert gas such as nitrogen, to form, for example, an oxygen-depleted air, or oxygen or an 
oxygen-rich gas mixture, to form, for example, an oxygen-enriched air The control of the percentage of oxygen in the 
gas mixture brought into contact with the polyethylene can be carried out with the aid of an analyser such as a con- 

15 ductometric apparatus or of gas phase chromatography, optionally linked with a stopcock making it possible to increase 
or to decrease at will and automatically the entry flow rate Into the hopper of one of the constituents of the gas mixture, 
for example an inert gas such as nitrogen. If the contact takes place in the feed hopper the sensor of the analyser 
may be situated inside the hopper, preferably in its lower part, near the entry to the extruder's feed zone. 
[0017] The feed hopper may be a simple hopper in which the polymer flows especially under gravity towards the 

20 screw entry zone, that is to say towards the entry to the feed zone of the extruder The hopper may include a system 
with a rotary stirrer or a vibration device. It is also possible to employ a feed hopper with a forcing device such as a 
forcing screw with a deep flight rotating on the axis of the hopper It is also possible to employ a feed hopper with a 
metering device such as an auxiliary screw of uniform pitch and flight depth, placed at the bottom of the hopper parallel 
to the extrusion screw(s), or an oscillating chute or a vibrating chute placed at the bottom of the hopper 

25 [0018] Bringing the polyethylene Into contact with the oxygen can be appreciably improved when the polyethylene 
is employed in the form of a powder consisting of porous particles which may have a bulk density at rest of 0.3 to 0.55, 
preferably from 0.35 to 0,55 g/cm^, measured under ASTM standard D-1 895/89. If a polyethylene In the form of powder 
consisting of porous particles is employed, the porosity of the polyethylene at ambient temperature (+20^0) may be 
characterized by a pore volume ranging from 0.05 to 0.4. preferably 0.1 to 0.2 cm^/g, measured by porosimetry using 

30 mercury, and/or by a specific (BET) surface ranging from 0.05 to 1 . preferably from 0.1 to 0.5 m2/g. The polyethylene 
particles may have a mass-average diameter ranging from 300 to 3000 |im, preferably from 500 to 2000 ]im, in particular 
from 600 to 1500 ^m. 

[0019] Good results are obtained, moreover when the extruder is a pelletizer or an extruder converting the powder 
into pellets, especially a twin-screw extruder, for example a twin-screw extruder without interpenetration of flights, also 

35 known by the name of an extruder with tangent twin screws, or else an extruder with twin screws with interpenetrating 
flights rotating either In the same direction, that is to say with corotative screws, or in an opposite direction, that is to 
say with counterrotative screws. An extruder with corotative twin screws with interpenetrating flights Is preferred. In all 
cases the temperature of the polyethylene at the exit of the extruder, that is to say at the die, may be from 1 60 to 260PC, 
preferably from 190 to 250°C, in particular from 230 to 250°C. 

40 [0020] The process of the Invention additionally includes a thermomechanical treatment of the polyethylene carried 
out in the molten state in the extruder under conditions such that the extruder supplies to the polyethylene a specific 
mechanical energy of 0.15 to 0.5, preferably from 0.17 to 0.40, in particular from 0.20 to 0.35 kWh per kilogram of 
polyethylene. The specific mechanical energy of the extruder can be generally calculated as the quotient of the effective 
mechanical power (in kW) of the extruder and the throughput of the polymer (in kg/h) in the extruder. It being known 

45 that the effective mechanical power of the extruder can be usually calculated using the equation: 

p =p -^-L- 

■^me "^max |sj^^ | max 

50 

with 

effective mechanical power 
maximum power, 

number of revolutions of the screw(s) per minute, 
maximum number of revolutions of the screw(s) per minute, 
effective motor current 
maximum motor current 
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[0021 ] It has been observed that the choice of a specific mechanical energy in an extruder, applied to and combined 
with the use of a polyethylene of particular viscoelastic property and with a preliminary bringing into contact of the 
polyethylene with oxygen makes it possible to improve the conditions of conversion of polyethylene into film by blown 
extrusion especially with a particularly high level of bubble stability. This result Is obtained especially after the contact 
5 has been produced and the thermomechanical treatment conducted in such a way that at the end of treatment the 
value of the loss tangent (tg 6) of the polyethylene has lost from 15 to 70 %, preferably from 20 to 65 %, in particular 
from 25 to 60 % of its initial value before treatment and bringing into contact. Under these conditions the required 
improvement is obtained while a good compromise is maintained in respect of the mechanical properties of the product 
obtained. 

10 [0022] The process is thus conducted In order to arrive at the end of the operations at a reduction in the value of tgS 
of the polyethylene within the abovementioned proportions. In the course of the process an adjustment in the reduction 
of tg 5 can be made by operating by virtue of the means used according to the invention, that is to say the bringing of 
the polyethylene Into contact with oxygen and the use of an extruder with a specific mechanical energy. In particular, 
the amplitude of the reduction in tg 5 generally varies in the same direction as the quantity of oxygen employed when 

15 the bringing into contact is produced, especially in the gas mixture containing oxygen, or the specific mechanical energy 
supplied by the extruder. Thus, if in the process it is desired to increase the amplitude of the reduction in tg 5 at the 
end of treatment within the desired proportions, it is possible, for example, to increase the quantity of oxygen employed 
when the contact is produced, especially in the gas mixture containing oxygen, or to Increase the specific mechanical 
energy of the extruder especially within the range of the abovementioned values, or else to combine the two means 

20 simultaneously. If, on the contrary, It is desired to decrease the amplitude of the reduction in tg 5 within the desired 
proportions, the reverse action may be taken, that is to say to decrease the quantity of oxygen or to decrease the 
specific mechanical energy of the extruder or else to combine both means. 

[0023] It has been observed, furthermore, that it is advantageous to carry out the thermomechanical treatment in 
the presence of a relatively small quantity or even, preferably, in the absence of a stabilizing agent of antioxidant type, 

25 generally known by the name of "process antioxidant agent" or "short-term antioxidant agent", such as a phosphite or 
phosphonite. It is thus preferred that, before its complete melting, the polyethylene is brought into contact in the extruder 
with a relatively small quantity of short-term antioxidant agent, for example in a quantity ranging from 0 to 1000, pref- 
erably from 0 to 800 or from 0 to 500, in particular from 0 to 200 parts by weight per million (ppm) relative to the 
polyethylene. In the case where a relatively small proportion is employed, the short-term antioxidant agent may be 

30 introduced into the feed or melting zone of the extruder, or preferably into the feed hopper of the extruder. The process 
which is conducted in order to arrive at the end of operations at a reduction in tg 8 of the polyethylene in the proportions 
described above may especially comprise an adjustment of the said reduction by varying, in particular, the relatively 
small quantity of short-term antioxidant agent employed in bringing into contact with the polyethylene before its com- 
plete melting. In particular, the amplitude of the reduction In tg 5 generally varies inversely with the quantity of short- 

35 term antioxidant agent which is employed. Thus, if it Is desired in the process to increase the amplitude of the reduction 
in tg 5 of the polyethylene at the end of treatment, it is possible, for example, to decrease the quantity of short-term 
antioxidant agent and even to go so far as to eliminate its use, that is to say not to bring any short-term antioxidant 
agent Into contact with the polyethylene before Its complete melting, or else to bring Into action one or more of the 
other means described above to increase the amplitude of the reduction in tg 6, or else to combine two or more of all 

40 these means. If, on the contrary, it is desired to decrease the amplitude of the reduction in tg 5 within the desired 
proportions, the reverse action may be taken, that is to say to increase the quantity of short-term antioxidant agent, or 
else to bring into action one or more of the other means described above to decrease the amplitude of the reduction 
in tg 6, or else to combine two or more of all these means. 

[0024] However, it has been observed that good results are obtained when, before its complete melting, the poly- 
45 ethylene Is not brought into contact in the extruder with any short-term antioxidant agent such as a phosphite or phos- 
phonite. 

[0025] The best results, especially where the bubble stability of the polymer in blown extrusion or film extrusion is 
concerned, are obtained when the gas mixture brought into contact with the polymer before its complete melting con- 
tains from 3 to 9 % by volume of oxygen preferably measured in the gas atmosphere of a feed hopper of the extruder, 
50 the extruder supplies a specific mechanical energy of 0.20 to 0.35 kWh per kilogram of polyethylene and when the 
treatment is conducted to its completion when the value of tg 5 has lost from 35 to 60 % of its initial value. In this case 
it is preferred that no short-term antioxidant agent such as a phosphite or phosphonite be brought into contact with the 
polyethylene before the complete melting of the latter. The polymer temperature at the die may be especially from 230 
to 250°C. 

55 [0026] It has additionally been noted that the absence or a reduced quantity of short-term antioxidant agent may, in 
some cases, produce some yellowing of the processed polyethylene. In order to correct this defect it is then preferred 
to carry out the treatment of the polyethylene in the presence of zinc stearate. In this case, before Its complete melting, 
the polyethylene may be advantageously brought into contact In the extruder with a quantity of zinc stearate ranging 



5 



EP 0 700 769 B1 

from 100 to 2000, preferably from 200 to 1 500 ppm relative to the polyethylene. The zinc stearate may be introduced 
into the feed or melting zone of the extruder or preferably into the feed hopper of the extruder. 
[0027] It has advantageously been observed that in the process of the invention a short-term antioxidant agent such 
as a phosphite or phosphonite can nevertheless be brought into contact with the polyethylene when the latter is already 

5 In the molten state, that Is to say after its complete melting and before it leaves the extruder. In this case the short- 
term antioxidant agent may be introduced into the pumping or melt-conveying zone of the extruder, especially into the 
second half of this zone, situated near the extruder exit, in particular near the die. The quantity of short-term antioxidant 
agent may in this case be from 50 to 2000, preferably from 200 to 1500 ppm relative to the polyethylene. 
[0028] The treatment may, furthermore, be carried out in the presence of long-term antioxidant agent, such as hin- 

10 dered phenols, and of other additives or fillers usually employed, such as slip agents, antiblocking agents, antistatic 
agents, bonding agents and pigments. 

[0029] It has advantageously noticed that in the process of the invention, the weight-average molecular mass, the 
melt index, the molecular mass distribution and the density of the polyethylene do not substantially change. 
[0030] The following nonlimiting examples illustrate the present invention. 

15 

Example 1 

[0031] A homopolyethylene in the form of a powder consisting of porous particles is employed, manufactured by a 
gas phase polymerization process in a fluidized bed in the presence of a catalyst based on chromium oxide (1 % by 
20 weight of chromium), modified with aluminium (2 % by weight of aluminium), supported on silica and activated by a 
heat treatment at 500°C, and in the presence of triethylaluminlum. The homopolyethylene, sold by BP Chemicals under 
reference "HD 5301 " ®, has the following characteristics: 

- density: 0.950 ± 0.003 g/cm^ 

25 - MI21.6 (ASTM-D-1238, condition F) : 8 g/1 0 minutes 

- MIg 5 (melt index measured at 190°C under an 8.5 kg load) : 0.9 g/10 minutes 

- Mw/Mn(byGPC): 15 
loss tangent (tg 5) 
(1): 1.90 

30 - unsaturations of vinyl, vinylidene and vinylene type per 1 00 carbon atoms : 0.09 
mass-average particle diameter : 1200 \im 
bulk density : 0.37 g/cm^ 
pore volume of the particles : 0.1 2 cm^/g 

- specific surface (BET) : 0.3 m2/g 

35 (1) measured by dynamic rheometry at 190°C at a frequency of 1 .5 10-2 radians per second, with the aid of the 

mechanical and dynamic spectrometer sold by Rheometrics under reference "RMS 800/RDS 11" <§>. 

[0032] The homopolyethylene, stored under an ambient air atmosphere, is introduced Into the feed hopper of a twin 
corotative screw extruder sold by Japan Steel Work under reference "CMP 65 X" ® which has a die with 30 holes, 
40 each hole having a diameter of 3 mm. 

[0033] Various of the additives employed in Examples 1 to 3 are shown in Table 1 ; The mixture of additives Is added 
to the polyethylene in the feed hopper. 

[0034] Furthermore, a nitrogen entry line provided with a stopcock reaches the feed hopper of the extruder and 
emerges by virtue of a diffuser in the lower part of the hopper, facing the entry of the feed zone and of the twin screw 
45 of the extruder. The stopcock allows the nitrogen flow rate to be adjusted at will. A sensor of a conductometric analyser 
is situated inside and in the lower part of the hopper so as to give a value of the percentage of oxygen present in the 
atmosphere in the hopper. 
[0035] Table 2 shows, for each test: 

50 - the mixture of additives employed; 

the pelletization conditions, especially the percentage by volume of oxygen in the gas mixture prevailing in the 
atmosphere of the feed hopper, the polymer temperature at the die, the specific mechanical energy (supplied by 
the extruder per kilogram of polymer), the reduction (% A tg 6) in the value of the loss tangent (tg 5) of the pelletized 
polymer, expressed as a percentage in relation to the initial value of tg 6 of the polymer; 

55 - the results obtained, especially a bubble stability Index during the conversion of the polymer into film by blown 
extrusion (marked using a number ranging from 0 to 5, 5 being the maximum value corresponding to an outstanding 
stability and 0 the minimum value corresponding to a very poor stability), the loss tangent (tg 5) of the polymer 
after pelletization, measured under the same conditions as above, the polymer swelling ratio (SR) after pelletiza- 
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tion, measured at the die exit of the apparatus measuring MIgi .e according to ASTM standard D-1238 condition F, 
and a whiteness index (Wl), measured according to ASTM-E-313. 



Table 1: 



15 



IVlixtures of the additives employed in Examples 1 to 3 


l\/lixtures of 


Ca stearate 


ZN stearate 


Irganox 1010 


Irganox 1076 


Irgafos 168 


Irgafos PEPQ 


additives 














A 


0.1 % 




0.1 % 


0.1 % 






B 


0.1 % 




0.1 % 


0.1 % 


0.1 % 




C 


0.1 % 


0.1 % 


0.1 % 


0.1 % 






D 


0.1 % 


0.1 % 


0.1 % 






0.1 % 


"Irganox 1010"^ 


) : long-term antioxidant, sold by Ciba-Geigy 








"Irganox 1076"®: long-term antioxidant, sold by Ciba-Geigy 








"Irgafos 168" ® : short-term antioxidant, sold by Ciba-Geigy 








"Irgafos PEPQ" ® : short-term antioxidant, sold by Ciba-Geigy. 









Table 2 : Tests of Example 1 
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Treatment conditions 


Results 


Test 


Mix- 


O2 % 


T*C 


Specific 


% 


Bubble 


tg 5 


SR 




WI 


No. 


ture 


(vol.) 


at 


mechan- 


A tg5 


stabil- 












of 




the 


ical 




ity 












addi- 




die 


energy 




index 












tives 






(kWh/kg) 
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[0036] Analysis of the results of Table 1 shows that: 

test No. 5 is a test In which the polymer is treated with oxygen, a relatively low specific mechanical energy and in 
the presence of a short-term antioxidant; the thermomechanical treatment has resulted in a very small reduction 
(% A tg 5) of tg 5 of the polymer; the bubble stability index corresponds to a relatively mediocre bubble stability; 
- test No. 1 is a test in which the polymer Is treated with oxygen and a relatively low specific mechanical energy, but 
in the absence of short-term antioxidant; the treatment has resulted in a relatively high reduction (% A tg 5) in tg 
5 of the polymer; an improvement in bubble stability is noted when compared with test No. 5. 
tests No. 2 and 4 are tests in which the quantity of oxygen changes from 3 to 7 % respectively, the polymer being 
moreover treated with a relatively high specific mechanical energy and in the absence of short-term antioxidant; 
the treatment has resulted in a high reduction (% A tg 5) in tg 5 of the polymer; a clear improvement in bubble 
stability is noted when compared with tests No. 1 and 5, as well as an improvement in test No. 4 when compared 
with test No. 2 because of the increase in the quantity of oxygen; 

test No. 3 is a test in which the oxygen is at 21 % and the polymer is treated with a relatively high specific mechanical 
energy, in the absence of short-term antioxidant; the treatment has resulted in a high reduction (% A tg 5) in tg 5 
of the polymer; the bubble stability is practically perfect. 
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Example 2 

[0037] The operation is exactly as in Example 1 , except for the fact that a twin-screw extruder sold by Werner- 
Pflelderer under trade reference "ZSK 160" ® is employed. 
5 [0038] Table 3 shows the mixtures of additives employed, the treatment conditions and the results obtained. 



Table 3 ; Tests of Example 2 
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25 [0039] Analysis of the results of Table 3 shows that: 

Test No. 6 is an outstanding test in which the polymer is treated with oxygen with a relatively high specific me- 
chanical energy, in the absence of short-term antioxidant; the treatment is conducted to its completion with a high 
reduction (% A tg 5) in tg 5 of the polymer; the bubble stability is perfect; the whiteness index is superior to those 
30 of the tests of Example 1 by virtue of the use of zinc stearate as additive when the polymer Is treated; 

- test No. 7 is close to test No. 6, except for the presence of a short-term antioxidant and the treatment being 
conducted with a very small reduction (% A tg 6) in tg 6 of the polymer. 

Example 3 

35 

[0040] The operation is exactly as in Example 1 , except for the fact that different polymer and different extruder are 

employed. 

[0041] The polymer is a copolymer of ethylene and 1 -butene in the form of a powder consisting of porous particles, 
manufactured by the same process as the homopolyethylene of Example 1 . Sold by BP Chemicals under the reference 
40 "MD 3802" ®. It has the following characteristics: 

- density: 0.938 g/crrfl 
M'21.6- minutes 

- MI8.5: 2 g/10 minutes 
45 - Mw/Mn(byGPC): 10 

loss tangent (tg 6) 
(1): 1.88 

unsaturations of vinyl, vinylidene and vinylene type per 100 carbon atoms: 0.08 
mass-average particle diameter: 1 1 00 |u,m 
50 - bulk density: 0.35 g/cm^ 

pore volume of the particles: 0.11 cm^/g 

- specific surface (BET): 0.2 m^/g 

(1) Measured by dynamic rheometry at 190°C at a frequency of 1.5 10-2 radians per second, with the aid of the me- 
55 chanlcal and dynamic spectrometer sold by Rheometrlcs under reference "RMS 800/RDS 11" ®. 

[0042] The copolymer, stored under an ambient air atmosphere, is introduced Into the feed hopper of a twin corotative 
screw extruder sold by APV Baker Limited under reference "MP 2065" ®. The feed hopper has a nitrogen feed line 
and a means for oxygen analysis as in Example 1 . 
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[0043] Table 4 shows the mixtures of additives employed, the treatment conditions and the results obtained. 
Table 4; Tests of Example 3 
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[0044] Analysis of the results of Table 4 shows that: 

Test No. 8 is a test in which the polymer is treated with oxygen and with a relatively low specific mechanical energy 
in the absence of short-term antioxidant; the treatment is conducted to its completion with a relatively high reduction 
(% A tg 5) in tg S of the polymer; the bubble stability is satisfactory; 

test No. 9 is a test resembling test No. 8, except for the fact that the polymer contains a short-term antioxidant and 
that the treatment has been conducted with a very small reduction (% A tg 6) in tg 8 of the polymer; bubble stability 
is poor. 



Claims 

1. Process for improving the bubble stability of a linear polyethylene converted into film by blown extrusion, the pol- 
yethylene having a density of 0.900 to 0.970. preferably from 0.932 to 0.965 g/cm^, a molecular mass distribution 
such that the ratio of the weight-average molecular mass. Mw, to that based on the number-average, Mn, is from 
8 to 40, preferably from 9 to 30. and a value of the loss tangent measured by dynamic rheometry at 190PC at a 
frequency of 1.5 lO^^ radians per second, ranging from 1.5 to 3, preferably from 1.6 to 2.5, the process being 
characterized in that, before its complete melting in an extruder, the polyethylene is brought Into contact with 
oxygen or a gas mixture containing oxygen, and the polyethylene thus brought into contact is treated thermome- 
chanlcally in the molten state in the extruder supplying a specific mechanical energy of 0.1 5 to 0.5, preferably from 
0.17 to 0.35 kWh per kilogram of polyethylene, the preliminary bringing into contact and the thermomechanical 
treatment being combined so that the treatment is conducted to its completion when the value of the loss tangent 
of the polyethylene has lost from 15 to 70 %. preferably from 20 to 65 % of Its initial value before treatment and 
bringing into contact. 

2. Process according to Claim 1 , characterized In that the gas mixture contains from 1 to 50 %, preferably from 2 to 
21 %, in particular from 3 to 14 % by volume of oxygen. 

3. Process according to Claim 1 or 2, characterized in that, before its complete melting, the polyethylene is brought 
Into contact in the extruder with a quantity of short-term antioxidant agent ranging from 0 to 1000, preferably from 
0 to 500, in particular from 0 to 200 parts by weight per million (ppm) relative to the polyethylene. 

4. Process according to Claim 1 or 2, characterized in that, before its complete melting, the polyethylene Is not brought 
into contact in the extruder with any short-term antioxidant agent. 

5. Process according to any one of Claims 1 to 4, characterized in that, after its complete melting and before It leaves 
the extruder, the polyethylene in the molten state is brought into contact with a short-term antioxidant agent. 
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6. Process according to any one of Claims 3 to 5, characterized in that the short-term antioxidant agent is chosen 
from phosphites and phosphonites. 

7. Process according to any one of Claims 1 to 6, characterized In that, before its complete melting, the polyethylene 
5 is brought into contact In the extruder with a quantity of zinc stearate ranging from 100 to 2000, preferably from 

200 to 1500 ppm relative to the polyethylene. 

8. Process according to any one of Claims 1 to 7, characterized in that the bringing into contact of the polyethylene 
with oxygen or the gas mixture containing oxygen Is produced in a feed hopper of the extruder. 

10 

9. Process according to any one of Claims 1 to 8, characterized in that the bringing into contact of the polyethylene 
with oxygen or the gas mixture containing oxygen is produced in a feed or melting zone of the extruder. 

10. Process according to any one of Claims 1 to 9, characterized in that the polyethylene contains from 0.05 to 0.2 
15 unsaturations of vinyl, vinylidene and vinylene type per 1 00 carbon atoms. 

11 . Process according to any one of Claims 1 to 1 0, characterized In that the polyethylene is prepared in a gas phase 
polymerization process, with the aid of a catalyst based on chromium oxide activated by a heat treatment. 

20 12. Process according to any one of Claims 1 to 11 , characterized in that the polyethylene is in the form of a powder 
consisting of porous particles which have a bulk density of 0.3 to 0.55, preferably from 0.35 to 0.5 g/cm3. 

13. Process according to any one of Claims 1 to 12, characterized in that the extruder Is a twin-screw extruder. 



25 

Patentanspruche 

1. Verfahren zur Verbesserung der Blasenstabilitat eines linearen Polyethylens, das durch kombinierte StrangpreB- 
Blasformung in eine Folie umgewandelt wird, wobel das Polyethylen eine Dichte von 0,900 bis 0,970, bevorzugt 

30 0,932 bis 0,965 g/cm^, eine solche Molekulmassenverteilung. daQ das Verhaitnis von gewichtsmittlerer l\/lolekul- 

masse Mw, zu zahlenmittlerer Molekulmasse. Mn, 8 bis 40, bevorzugt 9 bis 30 1st, und einen Wert fur den Verlust- 
faktor, gemessen mit dynamlscher Rheometrie bei 190°C mit einer Frequenz von 1,5 x 10-2 Radian pro Sekunde, 
im Berelch von 1 ,5 bis 3, bevorzugt 1 ,6 bis 2,5 hat, wobei das Verfahren dadurch gekennzeichnet ist, da3 vor dem 
vollstandigen Schmelzen In dem Extruder das Polyethylen mit Sauerstoff Oder einer sauerstoffhaltigen Gasmi- 

35 schung in Kontakt gebracht wird und das Polyethylen, das so in Kontakt gebracht wurde, thermomechanisch in 

geschmolzenem Zustand in dem Extruder behandelt wird, indem ihm eine spezifische mechanische Energie von 
0,15 bis 0,5, bevorzugt 0,17 bis 0,35 kWh/kg Polyethylen zugefuhrt wird, wobei das vorherige in Kontakt bringen 
und die thermomechanische Behandlung so kombiniert werden, da(3 die Behandlung bis zum AbschluB durchge- 
fuhrt wird, wenn der Wert fur den Verlustfaktor des Polyethylens 15 bis 70%, bevorzugt 20 bis 65% seines An- 

40 fangswertes vor der Behandlung und dem In Kontakt bringen verloren hat. 

2. Verfahren nach Anspruch 1, dadurch gekennzeichnet, daB die Gasmischung 1 bis 50%, bevorzugt 2 bis 21%, 
insbesondere 3 bis 14 Volumen-% Sauerstoff enthalt. 

45 3. Verfahren nach Anspruch 1 Oder Anspruch 2, dadurch gekennzeichnet, da3 vor dem vollstandigen Schmelzen 
das Polyethylen in dem Extruder mit einer Menge eines Kurzzeitantioxidans in Kontakt gebracht wird, die im Be- 
reich von 0 bis 1 .000, bevorzugt 0 bis 500, insbesondere 0 bis 200 Gewichtsteilen pro Million (ppm) bezogen auf 
das Polyethylen liegt. 

so 4. Verfahren nach Anspruch 1 Oder Anspruch 2, dadurch gekennzeichnet, daB vor dem vollstandigen Schmelzen 
das Polyethylen in dem Extruder nicht mit irgendeinem Kurzzeitantioxidans in Kontakt gebracht wird. 

5. Verfahren nach einem der Anspruche 1 bis 4, dadurch gekennzeichnet, da3 das Polyethylen nach dem vollstan- 
digen Schmelzen und bevor es den Extruder verlaBt in geschmolzenem Zustand mit einem Kurzzeitantioxidans 

55 in Kontakt gebracht wird. 

6. Verfahren nach einem der AnsprOche 3 bis 5, dadurch gekennzeichnet, daB das Kurzzeitantioxidans aus Phos- 
phiten und Phosphoniten ausgewahit wird. 
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7. Verfahren nach einem der Anspruche 1 bis 6, dadurch gekennzeichnet, daB das Polyethylen, bevor es vollstandig 
geschmolzen ist, in dem Extruder mit einer Menge an ZInkstearat in Kontakt gebracht wird, die in einem Bereich 
von 100 bis 2.000, bevorzugt 200 bis 1.500 ppm, bezogen auf Polyethylen, llegt. 

5 8. Verfahren nach einem der Anspruche 1 bis 7, dadurch gekennzeichnet, daB das in Kontakt bringen des Polyethy- 
lens mit Sauerstoff Oder der sauerstoffhaltigen Gasmischung in einem Fulltrichter des Extruders erfolgt. 

9. Verfahren nach einem der Anspruche 1 bis 8, dadurch gekennzeichnet, daB das in Kontakt bringen des Polyethy- 
lens mit Sauerstoff Oder der sauerstoffhaltigen Gasmischung in einem Trichter Oder einer Schmelzzone des Ex- 

10 truders erfolgt. 

10. Verfahren nach einem der Anspruche 1 bis 9, dadurch gekennzeichnet, daB das Polyethylen 0,05 bis 0,2 unge- 
sfittigte vinyl-, vinyliden- und vinylenartige Bindungen pro 100 Kohlenstoffatome enthSlt. 

15 11 . Verfahren nach einem der Anspruche 1 bis 1 0, dadurch gekennzeichnet, daB das Polyethylen mit einem Gaspha- 
senpolymerisationsverfahren hergestellt wird mit Hilfe eines Katalysators auf Basis von Chromoxid, das durch 
eine Warmebehandlung aktiviert wurde. 

12. Verfahren nach einem der Anspruche 1 bis 11 , dadurch gekennzeichnet, daB das Polyethylen in Form eines Pulvers 
20 vorliegt, das aus porSsen Teilchen besteht, mit einer Schuttdlchte von 0,3 bis 0,55, bevorzugt 0,35 bis 0,5 g/cm^. 

13. Verfahren nach einem der Anspruche 1 bis 12, dadurch gekennzeichnet, daB der Extruder ein Doppelschnecken- 
extruder ist. 

25 

Revendications 

1. Precede pour am§liorer la stabilite de bulle d'un polyethylene lineaire convert! en film par extrusion-soufflage, le 
polyethylene ayant une densite de 0,900 a 0,970, de preference, de 0,932 k 0,965 g/cm^, une distribution des 

30 masses moieculaires telle que le rapport de la masse moieculaire moyenne en poids, Mw, par rapport k la masse 

moleculaire moyenne en nombre. Mn, est de 8 ^ 40, de preference, de 9 a 30, et une valeur de la tangente d'angle 
de pertes mesuree par rheometrie dynamique a 190°C k une frequence de 1,5 10-2 radians par seconde, allant 
de 1.5 a 3, de preference, de 1,6 §i 2,5, le precede etant caracterise en ce que, avant sa fusion complete dans 
une extrudeuse, le polyethylene est mis en contact avec de I'oxygene ou un melange gazeux contenant de I'oxy- 

35 gene, et le polyethylene ainsi mis en contact est traite thermomecaniquement k t'etat fondu dans I'extrudeuse en 

utilisant une energie mecanique specifique de 0,15 k 0,5, de preference, de 0,17 ^ 0,35 kWh par kilogramme de 
polyethylene, ia mise en contact preiiminaire et le traltement thermomecanique etant combines pour que le trai- 
tement arrive k son terme lorsque la valeur de la tangente d'angle de pertes du polyethylene a perdu de 15 ^ 70 
%, de preference, de 20 a 65 % de sa valeur initlale, d'avant le traltement et la mise en contact 

40 

2. Precede selon la revendication 1 , caracterise en ce que le melange gazeux contient de 1 ^ 50 %, de preference, 
de 2 a 21 %, en particulier de 3 §i 14 % en volume d'oxygene. 

3. Precede selon Tune des revendications 1 ou 2, caracterise en ce que, avant sa fusion complete, le polyethylene 
45 est mis en contact, dans I'extrudeuse, avec une quantlte d'agent antioxydant k court terme allant de 0 a 1 000, de 

preference, de 0 ^ 500, en particulier de 0 ^ 200 parties en poids par million (ppm) par rapport au polyethylene. 

4. Precede selon Tune des revendications 1 ou 2, caracterise en ce que, avant sa fusion complete, le polyethylene 
n'est pas mis en contact, dans I'extrudeuse, avec un agent antioxydant k court terme. 

50 

5. Precede selon Tune des revendications 1 a 4, caracterise en ce que, apres sa fusion complete et avant sa sortie 
de I'extrudeuse, le polyethylene k retat fondu est mis en contact avec un agent antioxydant k court terme. 

6. Precede selon I'une des revendications 3 a 5, caracterise en ce que I'agent antioxydant a court terme est choisi 
55 parmi les phosphites et les phosphonites. 

7. Precede selon I'une des revendications 1 k 6, caracterise en ce que, avant sa fusion complete, le polyethylene 
est mis en contact, dans I'extrudeuse, avec une quantlte de stearate de zinc allant de 100 ^ 2000, de preference, 
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de 200 k 1500 ppm par rapport au polyethylene. 

8. Proc6de selon Tune des revendications 1 ^ 7, caracteris^ en ce que la mise en contact du polyethylene avec 
Toxygene ou le melange gazeux contenant de I'oxygene se prodult dans une tremie d'alimentation de I'extrudeuse. 

5 

9. Procede selon Tune des revendications 1 ^ 8, caracterise en ce que la mise en contact du polyethylene avec 
I'oxygene ou le melange gazeux contenant de I'oxygene se produit dans une zone d'alimentation ou de fusion de 
I'extrudeuse. 

10 10. Procede selon I'une des revendications 1 k 9, caracterise en ce que le polyethylene contlent de 0,05 k 0,2 insa- 
turation de type vinyle, vinylidene et vinyiene pour 100 atomes de carbone. 

11. Precede selon I'une des revendications 1 a 10, caracterise en ce que le polyethylene est prepare par un precede 
de polymerisation en phase gazeuse, k I'aide d'un catatyseur k base d'oxyde de chrome active par un traitement 

15 de chauffage. 

12. Precede selon I'une des revendications 1 e 11, caracterise en ce que le polyethylene est sous la forme d'une 
poudre composee de particules poreuses qui ont une denslte apparente de 0,3 k 0,55. de preference, de 0,35 k 
0,5 g/cm^. 
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13. Procede selon I'une des revendications 1 e 12, caracterise en ce que I'extrudeuse est une extrudeuse k deux vis. 
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